Objective: To assess the cost-effectiveness of various modes of mediastinal staging in non-small cell lung cancer (NSCLC) in a single-payer health care system.
A 2-way sensitivity analysis on prevalence of mediastinal lymph node metastasis and endobronchial ultrasound transbronchial needle aspiration sensitivity.
Central Message
In the EBUS era it is cost-effective to invasively stage patients with early clinical NSCLC. The benefit of cervical mediastinoscopy following a negative EBUS becomes apparent in patients with more advanced disease.
Perspective
The choice of mediastinal lymph node staging strategy in patients with non-small cell lung cancer should be guided by the patient population characteristics (ie, clinical stage of the disease based on noninvasive staging), the local invasive staging test performance characteristics (ie, endobronchial ultrasound transbronchial needle aspiration or cervical mediastinoscopy), and the regional health economic data (ie, willingness to pay threshold).
See Editorial Commentary page 1579.
See Editorial page 1565. This recommendation follows a widespread incorporation of positron emission tomography scan into the routine assessment of patients with non-small cell lung cancer (NSCLC). 1 Given emerging evidence on improved outcomes in patients with micrometastatic N2 disease managed with trimodality approach over definitive chemoradiation, 2, 3 invasive mediastinal LN staging in patients with clinical stage I disease could be of benefit.
Introduction of needle-based techniques-endobronchial ultrasound transbronchial needle aspiration (EBUS-TBNA), and esophageal ultrasound fine needle aspiration, revolutionized approach to MLNS in lung cancer, with the needle techniques being now recommended as test of first choice for invasive staging. 1 Our study aim was to examine cost-effectiveness of various approaches to mediastinal LN assessment in patients with clinical N0 disease and T1 peripheral tumors using the Canadian health care system perspective. Our secondary aim was to develop a decision-analytic model to predict the optimal staging approach using the costeffectiveness data and performance characteristics of the various assessment algorithms (Video 1).
METHODS

Decision-Analytic Framework
We developed a decision tree model synthesizing evidence on clinical and economic events with their probabilities to simulate a cohort of hypothetical patients with biopsy-proven or suspected NSCLC with clinical N0 disease. 4 VIDEO 1. Dr Czarnecka-Kujawa explaining the importance of the work presented in this article to the thoracic community. Video available at: http://www. jtcvsonline.org/article/S0022-5223 (17) We compared health outcomes and cost of 4 mediastinal staging strategies: no invasive staging, EBUS-TBNA, mediastinoscopy, and EBUS-TBNA followed by mediastinoscopy if EBUS-TBNA is negative (EBUS-TBNA-mediastinoscopy). The analysis accounted for costs incurred as a result of procedures and treatments performed based on results of the noninvasive and invasive staging. Given the potential benefit of trimodality therapy in patients with micrometastatic mediastinal disease, we included this approach in our model. Patients with missed nodal metastasis were managed surgically followed by adjuvant chemotherapy.
Evaluated outcomes include quality-adjusted life years (QALY) over a lifetime horizon, costs, and incremental cost effectiveness ratios (ICER) in Canadian dollars (CAD) per QALY gained. A third-party payer perspective was adopted. Because the analysis focused on outcomes resulting from a diagnostic approach of a short duration and life expectancies of patients with NSCLC are relatively short, no discounting was applied.
We followed international modeling guidelines for model development 5, 6 and validation 7 and international consolidated health economic evaluation reporting standards. 8 
Modeling Assumptions
Our model is based on the following assumptions:
All patients were good surgical candidates and would tolerate a lobectomy, Patients with N2 disease on preoperative staging received trimodality therapy (neoadjuvant chemotherapy and radiation, followed by surgical resection), All nodal metastases were microscopic, Invasive staging techniques were 100% specific, All surgical resections were performed using the video-assisted thoracoscopic surgery (VATS) and only lobectomy or bilobectomy were included, All resections were R0, and No consolidation chemotherapy was performed.
Model Parameters Clinical parameters. Prevalence of pathologic nodal metastasis was derived from published literature. 9 For the base-case analysis, we assumed a prevalence of mediastinal metastasis of 9%. Prevalence of pN2 disease following EBUS-TBNA was obtained from our institutional data 10 (Table 1) .
Health outcomes. Health status-specific life expectancies conditional on surviving index procedures were based on previously published literature (Table 2) .
Health-related quality of life was based on quality-of-life indices (utilities). We used life expectancies and utilities to calculate QALY.
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To assign utility values for various stage-specific lung cancer health states specific to a Canadian population at diagnosis and during the treatment, a standardized tool was created by Statistics Canada: the Classification and Measurement System of Functional Health. 12, 13 Health care costs. We included initial and downstream cost based on the costing index year 2015. All cost data were adjusted for inflation to CAD for the price level of May of 2015 using the consumer price index from the Bank of Canada. 14 Staging and procedure costs were based on recorded hospital costs of patients managed in our lung cancer program at the Toronto General Hospital between January 1, 2005, and December 31, 2014. In this database, a total of 4983 surgical costed cases were identified, of which 572 were thoracic surgery cases. We excluded nonlung cancer cases and cases performed with other than curative intent. The final case count was 499. The search of the endoscopy database identified 1044 thoracic surgery costed cases. We excluded cases performed for other-than-lung-cancer staging or diagnosis purposes, bringing the final count to 750 cases.
Mediastinoscopy at Toronto General Hospital is performed as a day procedure, under general anesthesia. EBUS-TBNA mediastinal staging at our hospital is a day procedure performed in an endoscopy suite under conscious sedation. Given that some programs perform EBUS-TBNA in the operating room, we evaluated that strategy in the same model as the other 4 strategies, and after having removed the option of performing EBUS-TBNA in the endoscopy suite. We reviewed per-visit fixed and variable costs pertaining to mediastinoscopy and EBUS-TBNA MLNS and VATS lobectomy. We extracted the mean costs for each procedure (Table 3 ). There were no complications associated with EBUS-TBNA. The costs of managing surgical complications are included in the average procedure cost. Mediastinoscopy average cost was calculated using only cost data from procedures where mediastinoscopy was the only procedure performed.
Costs of medical therapy and related complications, including death, were extracted from the cancer risk management model (CRMM), a web-enabled platform that allows researchers to simulate the influence of different oncologic health policies, such as treatment modalities for common malignancies. 15 Details regarding the development of the CRMM have been provided elsewhere. 11 The model was previously validated internally using Statistics Canada data and externally with Canadian Cancer Registry. 16 For the neoadjuvant therapy regimen we chose the Southwest Oncology Group regimen 17 currently used at the Princess Margaret Cancer Center, the largest Canadian oncology center. 18 For the adjuvant chemotherapy, 4 cycles of cisplatinum and vinorelbine were administered 6 to 8 weeks following surgery (Table 3 ).
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Other model parameters. Sensitivity of the EBUS-TBNA and mediastinoscopy for detection of mediastinal lymph node metastasis (MLNM) was based on a recent large systematic review. 1 Sensitivity of mediastinoscopy following EBUS-TBNA for detection of MLNM was obtained from our institutional data 10 (Table 4) . Procedure or treatmentrelated mortalities were derived from the CRMM (for the chemotherapy and radiation) and from published literature (mediastinoscopy and VATS resections) ( Table 5 ).
Statistical Analysis
We performed a decision-analytic deterministic cohort simulation. All analyses were performed using the decision-analytic software TreeAge Pro 2015 (TreeAge Software Inc, Williamstown, Mass).
Base-case analysis. To determine comparative clinical effectiveness, we estimated QALYs for each treatment strategy. For the costeffectiveness, we compared clinical outcomes (QALYs) to costs and calculated ICER, comparing the different strategies. 20 Sensitivity analysis. We performed deterministic 1-way and 2-way sensitivity analyses on influential model parameters. We performed a 1-way sensitivity analysis on prevalence of MLNM varying the prevalence between 0% and 100% to determine the optimal staging strategy for different regions of prevalence and a 1-way sensitivity analysis on the sensitivity of EBUS-TBNA varying the sensitivity between 10% and 89%, based on published evidence. 1 We performed a 2-way sensitivity analysis varying simultaneously the prevalence of MLNM and sensitivity of EBUS-TBNA. In our sensitivity analyses comparing results to thresholds of ICERs, we used CAD $80,000 per QALY gained as willingnessto-pay threshold (WTP). This value has been endorsed as an oncologic ceiling threshold by the Canadian Expert Drug Advisory Committee and the Cancer Care Ontario Policy Advisory Committee. 21, 22 The study was approved by the University Health Network Research Ethics Board.
RESULTS
Base-Case Analysis
In the comparative effectiveness analysis, the remaining quality-adjusted life expectancies ranged from 5.80 to 5.88 QALYs. Under the base-case scenario, the invasive staging using EBUS-TBNA followed by mediastinoscopy offered the highest QALYs of 5.88, followed by EBUS-TBNA staging (5.87 QALYs), mediastinoscopy (5.86 QALYs), and no invasive staging with 5.80 QALYs (Table 6 ).
In the cost comparison, the least expensive strategy was the no invasive staging, with a cost of CAD $11,863, followed by EBUS-TBNA with a cost of $13,727, mediastinoscopy with a cost of CAD $18,143, EBUS-TBNA with confirmatory mediastinoscopy with a cost of CAD $19,587, EBUS-TBNA in operating room with a cost of CAD $20,551 and EBUS-TBNA in the operating room with confirmatory mediastinoscopy with a cost of CAD $26,440 ( Table 6 ).
The cost-effectiveness plane in Figure 1 shows the results of considering both costs and health outcomes associated with each strategy. The strategy in the lower left corner is less expensive and less effective than the strategy in the right upper corner. After eliminating the dominated strategies (a strategy is considered to be dominated if it is more costly and less effective than other nondominated strategies) (mediastinoscopy, EBUS-TBNA in the operating room, and EBUS-TBNA in the operating room with mediastinoscopy) 3 strategies remained, defining the costeffectiveness frontier: no invasive strategy, EBUS-TBNA, and EBUS-TBNA-mediastinoscopy. The ICER of EBUS-TBNA compared with no invasive strategy was 26,000/ QALY and the ICER of adding mediastinoscopy to EBUS-TBNA was 1,400,000/QALY (Table 6 ).
Sensitivity Analysis
The noninvasive strategy is a cost-effective strategy up to a MLNM prevalence of 2.5%. Between MLNM prevalence of 2.5% and 57%, EBUS-TBNA is the preferred and costeffective strategy. Once the MLNM prevalence exceeds 57%, EBUS-TBNA-mediastinoscopy is the preferred, cost-effective strategy.
The 1-way sensitivity analysis on EBUS-TBNA sensitivity shows that mediastinoscopy is not dominated by EBUS-TBNA if the sensitivity of EBUS-TBNA is below 79%. However, it has a high ICER; that is, falling below $100,000/QALY only if EBUS-TBNA sensitivity is below 19% and falling below $80,000/QALY if EBUS-TBNA sensitivity is below 3%. EBUS-TBNA is the preferred strategy and becomes cost-effective if its sensitivity is above 25%.
The 2-way sensitivity analysis evaluated the effect of sensitivity of EBUS-TBNA and prevalence of MLNM. It shows the preferred staging strategy for each combination of MLNM prevalence and EBUS-TBNA sensitivity. For example, with an MLNM prevalence below 11% and EBUS-TBNA sensitivity below 20%, the noninvasive strategy is the preferred strategy. Once the MLNM prevalence exceeds 11%, mediastinoscopy becomes the preferred strategy and can be considered cost-effective if the sensitivity of EBUS-TBNA is below 20%. The minimum prevalence of MLNM at which confirmatory mediastinoscopy should be added after a negative EBUS-TBNA is around 25% (if sensitivity of EBUS-TBNA is around 60%) (Figure 2 ).
Analysis with thoracotomy as the preferred surgical approach did not alter conclusions of the analysis. Analysis with EBUS-TBNA performed in the operating room (the option of performing the EBUS-TBNA in the endoscopy was removed from the analysis) altered the analysis significantly. Under the base-case scenario, no invasive staging was cost-effective and this was the preferred strategy. All approaches (mediastinoscopy, EBUS-TBNA, and EBUS-TBNA followed by mediastinoscopy) had ICERs above the WTP threshold of $80,000 (Table 7 ). In the 2-way sensitivity analysis, evaluating the effect of varying EBUS-TBNA sensitivity and MLNM prevalence, the preferred strategy was the surgical resection without invasive staging, regardless of EBUS-TBNA sensitivity until MLNM prevalence of 11%. Once the MLNM prevalence exceeded 11%, mediastinoscopy was the preferred staging strategy. EBUS-TBNA with confirmatory mediastinoscopy became cost-effective once the prevalence of MLNM became high ( 70%) and EBUS-TBNA sensitivity was at least 89%. EBUS-TBNA without confirmatory mediastinoscopy was not cost-effective.
DISCUSSION
We developed a decision-analytic model to investigate the optimal MLNS pathway for patients with NSCLC FIGURE 1. Cost-effectiveness plane, base-case analysis. Effectiveness (represented as quality-adjusted life years [QALYs] ) is expressed on the x axis, whereas the cost in Canadian dollars (CAD) is expressed on the y axis. The strategy in the lower left corner (no invasive mediastinal staging) is less expensive but also less effective compared with the strategy in the top right corner. After eliminating the dominated strategy, mediastinoscopy (the less effective and more expensive than the preceding strategy), 3 strategies remained defining the cost-effectiveness frontier: no-invasive mediastinal staging (OR), endobronchial ultrasound transbronchial needle aspiration (EBUS-TBNA), and EBUS-TBNA-mediastinoscopy. WTP, Willingness to pay threshold.
incorporating the most recent, high-quality evidence on performance characteristics of the currently recommended invasive staging strategies, local cost data from a large Canadian tertiary cancer center, and factoring in emerging evidence on the outcomes in patients with micrometastatic mediastinal disease.
In terms of comparative effectiveness, EBUS-TBNA followed by mediastinoscopy is the strategy that results in the highest QALYs. However, it is also the most expensive staging approach. Despite a small survival advantage that the combined procedures provide in the analysis, it results in a prohibitive ICER of >$1.4 million/QALY. 22 Therefore, under our base-case scenario, it may not be justifiable to pursue mediastinoscopy after negative EBUS-TBNA. Staging with EBUS-TBNA alone can be considered costeffective in patients with clinical N0 disease and prevalence of MLNM of 9%.
Our 1-way sensitivity analysis provided a more detailed guide to thresholds for implementation of different staging strategies depending on the prevalence of MLNM and sensitivity of EBUS-TBNA, suggesting that invasive MLNS with EBUS-TBNA is not cost-effective if the FIGURE 2. Two-way sensitivity analysis on prevalence of mediastinal lymph node metastasis (MLNM) and sensitivity of endobronchial ultrasound transbronchial needle aspiration (EBUS-TBNA) affecting incremental cost-effectiveness of different mediastinal lymph node staging strategies. A willingness-topay threshold of $80,000 (Canadian dollars) per quality-adjusted life years gained was used. Colored areas represent regions of different EBUS-TBNA sensitivity and probability of MLNM over which different staging approaches are cost-effective. A staging strategy involving only noninvasive mediastinal lymph node staging, followed by surgical resection (OR) is the preferred staging strategy up until MLNM prevalence of 11% if the EBUS-TBNA sensitivity is below 20%. Once prevalence of MLNM exceeds 11%, and if EBUS-TBNA sensitivity is still below 20%, mediastinoscopy is the preferred staging strategy. EBUS-TBNA staging can be considered test of first choice if its sensitivity is>20% and prevalence of MLNM is between 11% and 25%. Once prevalence of MLNM reaches 25%, confirmatory mediastinoscopy should be considered in patients staged with ENUS-TBNA. prevalence of MLNM is 2.5%, but still justifying invasive MLNS in a very-low-risk population (MLNM above 2.5%). This finding is in conflict with current guidelines, which do not advocate invasive MLNS in at least a proportion of patients included in our study (ie, those with clinical stage I disease).
1, 23 The guidelines have been created without factoring in the WTP thresholds and economic data, which may influence the staging recommendation. The aim of our study was to offer clinicians a practical guide to the optimal staging strategy taking under consideration each patient's and the individual program's characteristics. Decision about pursuing invasive MLNS in patients with cN0 disease and a low pretest probability of MLNM (2.5%-10%) should be made on a case-by-case basis. 24 We explored the influence institutional variability in EBUS-TBNA sensitivity may have on recommendations for the optimal staging strategy. Our sensitivity analysis suggests that in programs that cannot ensure EBUS-TBNA sensitivity of at least 20%, mediastinoscopy should be the test of first choice for invasive MLNS. This threshold is similar to that reported in prior studies. 25 Although such a low sensitivity has not been reported in the EBUS-TBNA staging studies, 1 these studies often come from high volume, tertiary centers where EBUS-TBNA is performed by experts. Our study suggests that ongoing performance quality monitoring is important to ensure the optimal invasive staging.
Another important aspect of MLNS is whether mediastinoscopy should follow negative EBUS-TBNA. Studies show that EBUS-TBNA performance characteristics are similar to mediastinoscopy in MLNS in NSCLC. 10, 26 Guidelines advise confirmatory mediastinoscopy in cases of negative EBUS-TBNA in patients with high pretest probability of MLNM. 1 In our sensitivity analysis, we addressed the question: At what MLNM prevalence and EBUS-TBNA sensitivity should the confirmatory mediastinoscopy be performed in cases of negative EBUS-TBNA? Our 2-way sensitivity analysis demonstrated that once the prevalence of MLNM reaches approximately 25% and the EBUS-TBNA sensitivity is around 60%, negative EBUS-TBNA should be followed by mediastinoscopy. In cases of lower sensitivity of EBUS-TBNA (and MLNM prevalence at least 25%), mediastinoscopy is the test of choice. With even higher prevalence of MLNM, the window for EBUS-TBNA-mediastinoscopy opens. For example, in patients with a 50% prevalence of MLNM, EBUS-TBNAmediastinoscopy is the preferred strategy if the sensitivity of EBUS-TBNA is between 44% and 88%. Previous studies have shown that extensive preoperative invasive MLNS results in detection of more cases of mediastinal metastasis. 10, 27 It must be emphasized that the true value of confirmatory mediastinoscopy can only be determined by the prevalence of MLNM in the population, the test sensitivities, and the WTP threshold of the country under study.
Meyers and colleagues
9 looked at mediastinal LN staging in patients with clinical stage I NSCLC, concluding that invasive MLNS is not economically justifiable. However, the study focused on mediastinoscopy as the staging strategy and was performed before the EBUS-TBNA era. Four years following the study by Meyers and colleagues, 9 Steinfort and colleagues 25 demonstrated that performing EBUS-TBNA with confirmatory mediastinoscopy if the EBUS-TBNA was negative, was the least costly staging option in a high-risk patient population. Our study takes the economic analysis further, providing a novel look at the cost-effectiveness of the modalities currently recommended in invasive MLNS. We focused the base-case analysis on a population of patients where there may be some controversy as to whether invasive MLNS should be pursued or not, given the overall low prevalence of MLNM in this population. 1, 9 Our model points out that there is a well-defined role for the use different modalities, including mediastinoscopy. This stresses the need for ongoing focus on maintenance of competency and skill acquisition in mediastinoscopy and EBUS-TBNA by currently practicing and future thoracic surgeons, respectively.
In some programs, EBUS-TBNA is performed in the operating room under general anesthesia. Our costeffectiveness analysis shows that it is more cost-effective to perform mediastinoscopy in patients who need invasive MLNS than to stage patients with EBUS-TBNA performed in the operating room under general anesthesia. Higher than mediastinoscopy, cost of EBUS-TBNA performed in the operating room is consistent with prior literature. 28 However, EBUS-TBNA performed under conscious sedation is effective, safe, and associated with high patient satisfaction. [29] [30] [31] We hope the results of our study encourage clinicians performing EBUS-TBNA under general anesthesia in an operating room to change their practice.
The question of optimal management of patients with N2 disease is controversial with no firm guidelines advocating a single management stretegy. 1 However, evidence is accumulating suggesting that a select patient population with N2 disease may benefit from neoadjuvant therapy followed by surgery over definitive chemotherapy and radiation. 2, 3, 32, 33 Our study incorporated the influence of trimodality therapy for patients with N2 disease. We assumed that trimodality therapy offers a survival advantage over definitive chemoradiation. Because the outcome data in the studies incorporating trimodality therapy into the treatment algorithm of patients with N2 disease comes from a population with clinical N2 disease, we believe that our model, if anything, underestimates the survival in the population of patients we studied because there are no published data on outcomes of trimodality therapy in this patient population.
As with all decision analyses, our study has several limitations. 34 Cost-effectiveness analysis is not a complete procedure for determining all decisions in health care because it cannot incorporate all the values, criteria, and individual patient characteristics relevant to such decisions. Rather, it should be used as an aid in the complex decision-making process. 35 Our model does not account for the QALYs and costs of management of recurrent disease and end-of-life care. This simplification may underestimate costs of diagnostic approaches. However, this is unlikely to substantially influence the differences between the strategies because these costs are similar across strategies following the initial treatment.
In our base-case analysis, we used point estimates for procedure sensitivities. Because these values may be surrounded by uncertainty and affected by specific settings and heterogeneity, we varied these parameters in sensitivity analyses, confirming the robustness of our results.
It must be emphasized that our results may not be generalizable to all clinical scenarios. In some institutions separate TBNA needles may be used for each LN and rapid onsite evaluation may be used. Each of these situations is expected to increase the per-procedure cost. 28 In contrast, lower costs might be expected if mediastinal staging is performed as a part of a 2-stage procedure with EBUS-TBNA and/or mediastinoscopy followed by a surgery if the MLNS is negative.
We used overall life expectancies for the QALY calculation. However, life expectancies may differ substantially across patients and may be affected by age, comorbidity, and other factors. Therefore, any individual clinical decision should carefully consider all individual patient characteristics and preferences before the staging decision is made.
The analysis using thoracotomy as the preferred surgical procedure instead of VATS did not alter our study conclusions. However, we did not have separate utilities for patients managed with thoracotomy. Thoracotomy may be associated with a slightly lower QALY. However, given lower than EBUS-TBNA costs of the operating room pathway with thoracotomy, this would not alter our conclusions.
Procedure costs have been based on approximately 10% of all surgical cases costed at our institution. We realize that this represents a limitation to our study because not all procedure-related costs have been captured. However, the reason for that is administrative and not related to the case itself; therefore, it is unlikely that cases captured and not captured were different in terms of per-procedure cost. In addition, we compared the average cost of the VATS resection from our database CAD $11,215 (95% CI, $9279-$13,150) with that reported in the CRMM, which was approximately CAD $12,000. We therefore believe that our costed cases capture accurately Canadian procedure costs.
We did not account for physician fees because they differ across Canada and would not be applicable to other countries. Finally, we did not account for indirect costs related to patient and caregiver loss of productivity resulting from the disease and during the diagnostic and management periods. Although we believe that it is unlikely that adding these cost would make a major difference for our analysis outcome, taking a full societal perspective and including productivity losses could be a subject of further research.
CONCLUSIONS AND FUTURE DIRECTIONS
Based on our decision analysis, in patients with clinical N0 disease and estimated low prevalence of MLNM, invasive staging with EBUS-TBNA is cost-effective. The benefit conveyed by detection of mediastinal metastatic disease becomes more apparent as the prevalence of MLNM increases, with confirmatory mediastinoscopy becoming cost-effective in cases of negative EBUS-TBNA in patients with moderate to high probability of MLNM. Performing EBUS-TBNA in the operating room is not cost-effective, and from a health economics perspective if there is no ability to perform EBUS-TBNA in the endoscopy, the more cost-effective strategy is to offer mediastinoscopy to patients who need invasive MLNS.
Our model provides an evaluation of the best-case scenario using the currently available best evidence on procedure performance characteristics, life expectancies, utilities, and costs. However, a revised estimate of cost-effectiveness of aggressive preoperative assessment of patients with lung cancer should be generated once more, and hopefully prospectively collected, real-world data from large cohorts of patients with micrometastatic mediastinal disease treated with trimodality become available.
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Key Words: cost-effectiveness, mediastinal lymph node staging, EBUS-TBNA, mediastinoscopy Discussion Dr Felix G. Fernandez (Atlanta, Ga). In this decision analysis, examining the cost-effectiveness of invasive mediastinal staging in patients with clinical N0 non-small cell lung cancer, the investigators conclude that endobronchial ultrasound (EBUS) with transbronchial needle aspiration (TBNA) is cost-effective even with a low estimated prevalence of mediastinal lymph node metastases.
The sensitivity of a test is related to the prevalence of disease in the population studied. The Toronto group has previously reported an 81% sensitivity for EBUS in a cohort of patients with a 35% prevalence of mediastinal lymph node metastases. However, the prevalence of mediastinal lymph node metastases in clinical stage I lung cancer after staging by positron emission tomography and computed tomography is approximately 3% to 6%, and the sensitivity of EBUS would be expected to be much lower in this setting. For reference, mediastinoscopy has 25% to 40% sensitivity in this scenario.
Based on the 2-way sensitivity analysis presented, if the prevalence of mediastinal lymph node metastases is 5% and the sensitivity of EBUS drops to 50%, EBUS is not costeffective and the number needed to treat to detect 1 mediastinal lymph node metastasis is 40.
I have 3 questions. What is the sensitivity of EBUS in patients with a clinical N0 lung cancer staged by positron emission tomography-computed tomography imaging both at your center of excellence and more broadly across North America? Dr Czarnecka-Kujawa. Thank you. Great question. The majority of published data on performance of EBUS-TBNA in lung cancer staging come from large centers of excellence. We have now 2 large meta-analyses looking at this.
We do not really have information on EBUS performance in smaller and community centers that are just starting to use this technology for mediastinal staging. In addition, despite large amounts of data that have accumulated on the topic, there is paucity of data on EBUS-TBNA performance in the population with clinical stage I (T1 N0) disease, simply because invasive staging is not commonly done in this patient population.
The data that are available show that some centers of excellence are able to achieve a very high yield for the procedure with sensitivity nearing 90%, and the performance at our center is consistent with these data.
While creating the model, what we wanted to do is to create the best-case scenario. However, a limitation of this approach is that we are not able to account for all of the variations of clinical outcomes that could be encountered. Therefore, our findings should be interpreted with caution by centers with different patient characteristics and different test performance characteristics from the ones included in our model.
I think a very powerful feature of decision analysis is the fact that one can simulate a variety of different clinical scenarios in sensitivity analysis. That is what we accomplished with the 1-way sensitivity analysis on EBUS-TBNA sensitivity and the 2-way sensitivity analysis on EBUS-TBNA sensitivity and prevalence of mediastinal nodal metastasis to allow clinicians from centers all over the world, with test performance characteristics different from our center's unique program and patient characteristics, to use our work as a guide to offer the best possible mediastinal lymph node staging strategy to their patients.
Dr Fernandez. Thank you. Based on your data, do you recommend that all patients with a clinical stage T1 N0 non-small cell lung cancer undergo mediastinal staging with EBUS, or do you think this should be reserved for patients with larger or more central tumors?
Dr Czarnecka-Kujawa. Thank you for another great question. No, I would not advocate invasive mediastinal lymph node staging in all patients with clinical stage I disease (T1 N0).
Our model shows that it is cost-effective to stage patients with clinical stage I disease. However, cost-effectiveness should not be equated with an automatic recommendation to invasively stage everybody. If anything, we would like to provide guidance to physicians, to use the best staging strategy based on their patient population and test performance characteristics.
We follow clinical guidelines at our center. Consistent with that, currently, we do not perform routine invasive staging in patients with clinical stage I (T1 N0) disease. Staging of these patients occurs on occasion, and only as a part of a clinical trial. In my opinion, each center should assess the need for invasive staging in these patients on a case-by-case basis.
Dr Fernandez. Great. Your study assumes a 50% survival benefit for neoadjuvant therapy versus adjuvant therapy in the setting of occult mediastinal lymph node metastases. A benefit for induction therapy in patients with occult N2 disease has not been proven.
Have you considered a sensitivity analysis to determine how the magnitude of potential benefit of induction therapy influences the cost-effectiveness of invasive mediastinal staging?
Dr Czarnecka-Kujawa. That is another great question. We have not performed sensitivity analysis and survival benefit, but it is definitely something that we are interested in doing in the future.
Dr David H. Harpole (Durham, NC). This was a wonderful study, and I think it supports the guidelines for patients with early stage cancer that if the prevalence is under 10%, probably direct a surgery, and in a noninvasive stage it is probably not indicated. My question to you, and I think you alluded to this, is that in centers of excellence, the type of EBUS-fine needle aspiration done may not be equivalent to that done in the community, and that multistation, multinodal EBUS is what you are talking about where one is actually assessing the entire mediastinum as opposed to, unfortunately, sometimes what we see in a community is that they go after a single node, which is not equivalent to your type of EBUS. I wondered if you could comment on that.
Dr Czarnecka-Kujawa. To call EBUS-TBNA procedure staging, you have to try and recreate what the previous gold standard-cervical mediastinoscopy-was accomplishing. So I think sampling of 1 lymph node is only justifiable for bulky clinical N3 or N2 disease or in a patients with infiltration of the mediastinum by the tumor where the goal is to confirm the diagnosis and get enough tissue for molecular testing.
To label EBUS-TBNA mediastinal lymph node sampling as staging, in other than the population mentioned above, you really have to go systematically, and assess all lymph nodes that mediastinoscopy would, including N3 lymph nodes that will not be sampled during surgery.
In my opinion, if you know that your test performance characteristics are not consistent with what you would be able to accomplish with mediastinoscopy, then either referring to another center for EBUS-TBNA or proceeding with mediastinoscopy at your center is what patients should get to meet the definition of guideline-concordant care. This is also the most cost-effective approach based on our model's prediction.
Dr Scott J. Swanson (Boston, Mass). I enjoyed your talk quite a bit.
In following-up Dr Fernandez's comment, if the prevalence is somewhere around 5%, would you ever consider an option where you do mediastinal ipsilateral staging at the beginning of the operation to resect the tumor minimally invasively? And in the 1 in 20 or so cases that are positive, you could stop your video-assisted thoracoscopic surgery with 2 or 3 small incisions and give neoadjuvant therapy, and that way you'd save an extra procedure and a lot of extra time. Would that ever be something you would consider in your algorithm?
Dr Czarnecka-Kujawa. At our center, all lung cancer resections (except for wedge resections), including those for clinical stage I disease are routinely accompanied by lymphadenectomy. However, preoperative mediastinal staging with mediastinoscopy is not routinely done in this patient population (clinical T1 N0).
However, if EBUS is negative in a high-risk patient; for example, in a patient who has a clinical N1, N2, or N3 disease (positive positron emission tomography-computed tomography or computed tomography preoperative staging), we would book these patients for a combined procedure where mediastinoscopy would be performed before lung resection as a part of a 2-stage procedure, where lung resection would follow mediastinoscopy if quick sections of mediastinal lymph nodes are negative. If the staging is positive on mediastinoscopy, then the lung resection does not take place. To summarize, we do not routinely invasively stage clinical stage I patients with negative EBUS, negative positron emission tomography-computed tomography, and computed tomography chest images.
Dr Akif Turna (Istanbul, Turkey). Thank you for the nice presentation. During the creating of your model, what were the considerations regarding the type of mediastinoscopy, namely videoassisted mediastinoscopy, video-assisted mediastinal lymphadenectomy, or standard mediastinoscopy? What were the considerations regarding the used needles during EBUS and the length of stay after mediastinoscopy? Did you look at the results in terms of different histologic types; for example, adenocarcinoma and squamous cell carcinoma? Because it is fair to propose that in adenocarcinoma the sensitivity and the false negativity would be different than with squamous cell carcinoma.
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Dr Czarnecka-Kujawa. Sorry, the first question was? Dr Turna. The number of needles used, the type of mediastinoscopy, and the length of stay after mediastinoscopy.
Dr Czarnecka-Kujawa. Sure. So first you were asking for type of mediastinoscopy. The data we used were for cervical mediastinoscopy.
Dr Turna. Was it standard? Dr Czarnecka-Kujawa. No, video-assisted. Dr Turna. Video, okay. In terms of length of stay, at our center mediastinoscopy is done as a day procedure. Patients are discharged home the same day. Additional costs associated with rare cases of postmediastinoscopy complications and resulting hospital admission are factored into our model.
Dr Czarnecka-Kujawa. Regarding the number of needles used for our EBUS-TBNA procedures, we try to minimize the number of needles used. For that reason, we start with N3 lymph nodes and proceed systematically to lymph nodes with increased risk of being involved with metastatic disease (N2 and N1 in some cases). If there is a high suspicion of a lymph node being positive and we do not have the rapid onsite evaluation, we change needles. But generally we are trying to accomplish the procedure with the use of as few needles as possible. The use of extra needles, and the associated additional cost, have been factored in to our model. Dr Turna. Histologic type? Dr Czarnecka-Kujawa. And I think you were asking also about the sensitivities of the procedure based on tumor histology. We have not been able to separate the procedure yield based on tumor histology.
Dr Moon. This has been an excellent presentation. Beautifully done. But to get the final clinical influence, I'm going to ask how this is going to change things at Emory.
Dr Fernandez. In patients with a clinical N0 lung cancer, the number needed to detect 1 occult N2 node with EBUS is going to be in the range of 25 to 40 patients or higher, and that coupled with the unproven benefit of induction therapy in the setting of an occult mediastinal lymph node metastases, keeps us from applying this strategy routinely in patients at our center. Thank you.
